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Sulfhydryl groups are essential for cellular
oxidation-reduction mechanisms and for the
activity of a large number of enzymes. They also
have an effect on keratinization, antibodies,
toxins, blood coagulation, permeability, cell
division, carcinogenesis, and growth (1). Various
investigators have reported the quantity of
sulfhyclryl groups and disulfide linkages in
human epidermis from both normal and abnormal
epidermis. Protein contains 3 types of sulfhydryl
groups: freely reacting, sluggish, and masked
sulfhydryl (2). Some SH groups react easily with
nitroprusside and mild oxidizing agents and they
are called the freely reacting SH groups. Other
SH groups react only with more powerful reagents
such as mercaptide-deforming compounds; there-
fore, they are called sluggish SR groups. Thirdly,
some SR groups are masked and SH reagents do
not attack them until the geometric configuration
of the molecule has been altered by the rupture
of hydrogen bonds, as in denaturation. Freely
reacting and sluggish sulfhydryl play an im-
portant role in the activity of enzymes. The
quantity and distribution of sulfhydryl in protein
are variable, and certain proteins have only one
or two of the three types.
A number of methods have been recommended
for determining the amount of sulfhydryl in
biological material. In studying the skin, colon-
metric methods have been employed almost
exclusively, while in other fields of investigation,
polarographic amperometric titration has also
been used (3-40). A number of authors consider
this latter method to be the most accurate and
the most convenient. Iakovlev designed a
specific amperometnie vessel with a capacity of
0.3 ml., which also served as a microhomogenizer,
and demonstrated that a typical amperometnic
titration curve could be obtained from a very
thin section of eat cerebral cortex (thickness 50
microns, weight 0.8 mg.) (11). For colorimetric
determinations the sulfliydryl reagents used are
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of three types: Oxidizing, mercaptide-forming,
and alkylating. The most widely used methods
have been those of Anson (ferricyanide), Barrnett
(2, 2-dihydro-oxy-6, 6-dinaphthyl-disulfide), and
Bennett (1-4-chloromercuriphenylazo-2-naphtol)
(12—16). Mercaptide-forming agents appear to
have the highest specificity and suitability for
sluggish —SR. The specificity and suitability of
various agents for sulfhydryl (2) are given in
Table 1.
The purpose of this investigation was to study
the sulfhydryl and disulfide concentration in
psoriatie scales and to evaluate the various
methods for determining quantitatively —SR
and S—S. Therefore, scales from patients w-ith
psoriasis have been studied by amperometric
titration and by a colorimetnic method.
MATERIALS AND METIIODS
The scales used for determinations in this
investigation were obtained from patients with
psoniasis and from a few patients with other
scaling diseases. A method for preparing dry
powder from these scales was developed by
modifying the dry ice-acetone procedure of
Green, Needham, and Dewan (21). All scales
were allowed to stand for 10 to 15 minutes in a
small beaker immersed in dry ice and acetone;
subsequently, they were finely pulverized in a
porcelain mortar that was kept cold in dry ice.
The powdered samples were defatted by washing
three times with ether. Next, the ether was
evaporated under a gentle blast of nitrogen, and
the resulting powder was refrigerated in a tightly
sealed container under one atmosphere of nitro-
germ. According to Van Scott and Flesch (14),
drying and storage have no effect on the sulfhy-
dryl and disulfide content of epidermal powder.
Freely reacting and sluggish sulfhydryl were
determined directly by using a mercaptide-.
forming agent. Masked sulfhydryl was estimated
after denaturing the protein. Next, disulfide
bonds were quantitatively determined after
reduction to sulfhydrvl.
(a). Freely reacting and sluggish sulfhydryl—
These values were obtained after incubating 10
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TABLE 1
Oxidizing agents
1. Ferricyanide
Iodosobenzoate
Porphyrindin
2. Cystine
Glutathione, reduced
Alloxan
Dehydroascorbic acid
Mercaptide-forming agents
p-chlor-mercuribenzoate
Hg4
Cu++
Ag
Alkylating agents
Sulfur and nitrogen mustards
lodoacetate
Chloropicrin
Diphosgene
to 20 mg. of powdered scales with 5 ml. of re-
distilled water in a water bath at 40° C. for one
hour.
(b). Masked sulfhydryl—Determinations were
made after denaturing the protein by incubating
the powdered scale in a water bath at 40° C. for
one hour with 5 ml. of a 3 M solution of urea.
(c). Disulfide linkages—Disulflde bonds were
estimated after reduction to sulfhydryl by in-
cubating the scale in a boiling water bath with
0.5 ml. of 6% sodium hydroxide solution (17).
Polaro graphic Determinations
The polarographic determinations were carried
out by means of amperometric mercuric titra-
tions using a rotating platinum electrode. Thirty
milliliters of a solution of the incubation mixture
were placed in a 120 ml. flask, then modified by
the addition of three salts, NaII2PO4, Na2HPO4,
and KC1 to the final concentrations of 0.01 molar,
0.08 molar, and 0.5 molar respectively. The flask
was provided with a rubber stopper designed
to accommodate a rotating platinum electrode,
salt bridge, buret, and inlet tube for nitrogen.
The salt bridge and tip of the buret were im-
mersed in the solution, and as a gentle stream of
nitrogen was passed through the sample, the
solution was titrated with 10 M mercuric chlo-
ride at an applied potential of —0.2 volt referred
to the saturated calomel electrode. Results of
Freely reacting SH + sluggish
SH (slight)
Freely reacting SH + sluggish
SH (moderate)
Freely reacting SH + sluggish
SR (considerable)
Freely reacting SH + sluggish
SR (considerable)
the titration were plotted on a graph with the
current on one axis and the volume of mercuric
chloride solution added on the other axis. This
is illustrated by the curve on Figure 1. (1 ml. of
10 M mercuric chloride corresponds to 0.033
mg. of sulfhydryl).
Colorimetric Method
Sulfhydryl groups were determined with
Bennett's reagent. This method is based on the
observation that when an aqueous solution or
suspension containing sulfhydryl compounds is
shaken in an amyl acetate solution of this reagent,
a red precipitate forms in the aqueous layer. By
determining the decrease in concentration of dye
Specificity and suitability of various sulfhydryl reagents
Agent Specificity Suitability as Reagent, Site of Reaction
+ to
to +++
to +
to +
+ to ++
++ to +++
2
0. 0.2 0.3 0.4 0.5 0.6 0.7 ml.
l.3xl0-3 M HgCI2
Fie. 1
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in the amyl acetate supernatant layer, the amount
of sulfhydryl groups present can be assayed (16).
Three mg. of Bennett's reagent were dis-
solved in 100 ml. of amyl acetate by continuous
stirring. After filtration, the amyl acetate solution
was stored in a dark glass stoppered bottle at
40 C. until needed for determinations. Five ml.
of the solution were added directly to the incu-
bation suspension in a centrifuge tube, then the
tube was stoppered and mechanically shaken for
20 minutes. After centrifugation for 15 minutes,
an aliquot of 4 ml. of clear solution was trans-
ferred to a test tube. Upon addition of 2 ml. of
concentrated hydrochloric acid, the tube was
thoroughly shaken for 15 minutes and allowed
to stand for 50 to 60 minutes. The Klett-Summer-
son Photoelectric Colorimeter with filter 54
was employed for the determination. Blanks
containing two parts of amyl acetate and one
part of concentrated hydrochloric acid and a
known amount of glutathione were used as
standards for determinations.
Determination of Disulfide Linkages
The scales were dissolved in alkaline medium
and the S—S bonds reduced to —SH groups.
Determinations were carried out by both colon-
metric and polarographic techniques. In the
colorimetnic method reported by Van Scott (14),
Bennett's reagent is used after incubation in a
boiling water bath with 2 M KCN and 0.1 N
NaOH. bib and Zlatarov (17—19) have reported
another method in which the specimen dissolves
in base, and Bennett's reagent is dissolved in
toluene and stabilized with aniline. The latter
method was used in this experiment.
Thirty mg. of Bennett's reagent were dis-
solved in 500 ml. of distilled toluene and 50 ml.
of freshly distilled aniline were added after the
reagent had dissolved. Two ml. of reagent were
added to 0.5 ml. of the alkaline scale hydrolysate.
After shaking, the optical density of the reagent
was determined by means of a Klett-Summerson
Photoelectric Colorirneter using a 54 filter.
The polarographie arnphoteric titrations were
performed as previously described.
RESULTS
It was apparent that the effect of factors such
as time, temperature, concentration of —SH,
and the amount of alkali to be employed needed
evaluation before making comparisons between
polarographic and colorimetrie methods for
determining the sulfhydryl and disulfide con-
centration of scales. Therefore, a series of pre-
liminany experiments were performed.
The effect of time and temperature on color
development was studied under controlled con-
ditions. After the amyl acetate solution was
mixed with 2 ml. of concentrated HC1, the red
color developed gradually. Then 3 mg.% amyl
acetate reagent was mixed with half its volume
of concentrated HCI and light absorption was
calculated after specific intervals of time under
constant room temperature (10° C., 25° C., and
40° C.). Results as shown in Figure 2 would
indicate that room temperature should be main-
tained between 25 and 40° C. It was found that
the depth of color increases with time, and maxi-
mum color development is not obtained before
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Sulfhydryl and disulfide concentration in stratum corneum
50 minutes. Therefore, it is desirable that colon-
metric determinations be delayed for 50 minutes
after mixing.
Known quantities of glutathione were utilized
in order to determine the optimal concentration
of sulihydryl for colorimetric calculations. A
straight line was obtained up to a total of 10
micrograms of sulfhydryl (Figure 3). Therefore,
to fulfill tile requirements of Lambcrt's and Beer's
laws, the specimen should not contain more than
10 micrograms of sulfhydryl.
The reductive decomposition of disulfide bonds
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TABLE 2
produced by the action of alkali was examined.
If the scales were kept in sodium hydroxide solu-
tions of varying concentrations, some interesting
changes could be observed. Similar findings were
described by Hollo relative to the behavior of
disulfide bonds of mouse organs and human serum
(17—20). In these experiments, there were
significant differences in the results obtained by
hydrolysis in 0.5% or in 6% NaOH.
00
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10 Bennett's Reagent
C 1111111111111
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Date Scales Obtained
Fin. 5
ii 111111 liJ
15 19 23 27 31 4Jan. Feb.
Date Scales Obtained
8
Sample Date
Jan. 15
24
26
27
28
Feb. 1
2
4
5
Psoriasis
Psoriasis
Psoriasis
Ichthyosis
Nlycosis fungoides
Freely
Reacting
+ Sluggish
SH*
70.0
67.4
63.5
67.0
59.2
65.4
63.9
56.6
45.8
92.0
194.0
43.2
114.0
Freely React- % of Dry
ing + Sluggish Weight of
+ Masked Sample as
SH* SH
92.6 0.03
83.0 0.03
85.5 0.03
86.0 0.03
82.3 0.03
79.0 0.03
84.0 0.03
64.2 0.02
82.0 0.03
124.0 0.04
232.0 0.07
96.2 0.03
170.0 0.05
%of Dry
Weight of
Sample asSH+sS**
0.42
0.47
0.43
0.56
0.58
0.53
0.47
0.55
0.62
0.39
0.35
0.44
0.21
% of Dry
Weight of
Sample as
s_sc*
0.39
0.44
0.40
0.53
0.55
0.51
0.44
0.52
0.59
0.35
0.28
0.41
0.16
* SH concentration expressed in mM X 10 per 100 g dry powdered scale.
** Concentration expressed as sulfur (g) in 100 g dry powdered scale.
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In Figure 4 the results obtained by colorunetry
with Bennett's reagent are compared with those
obtained by amperometric titration. For these
studies, the scales from one psoriasis patient
were repeatedly collected and the values were
determined on samples from each collection. The
same sample was utilized for each comparative
determination. The sulfhydryl values obtained
by colorimetry arc higher than by titration;
however, both show similar increases and de-
creases, especially with the sulfhydryl after
denaturation.
Similar studies were performed for disulfldc,
and results of the determinations arc shown in
Figure 5. The disulfide values by Hollo's method
are lower than those found by titration; however,
an appreciable parallelism is found between the
two determinations. Reasons for these differences
are not readily apparent.
The results obtained by the polarographic
technic in 13 specimens of scales collected from
5 patients are shown in Table 2. All determina-
tions of sulfhydryl and disulfide linkages were
done in duplicate or triplicate. It has been shown
by many investigators that parakeratotic scales
of psoriatic patients have an unusually high
sulfhydryl concentration (14), and these findings
are in agreement.
CONCLUSIONS
The polarographic ampcrometric titration
method for determining —SH and S—S groups
has been found to be simple, accurate, and highly
specific. Results obtained with this method were
comparable with those obtained by colorimctry.
Small amounts of material can be assayed by
amperometric titration and this is a definite
advantage since it is often difficult to obtain
appreciable quantities of material for study.
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